Children undergoing anaesthesia are prone to hypothermia. Perioperative monitoring of patient temperature is, therefore, standard practice. Postoperative temperature is regarded as a key anaesthetic performance indicator in Australian hospitals. Many different methods and sites of temperature measurement are used perioperatively. It is unclear to what degree these methods might be interchangeable. The aim of this study was to determine the relationships between temperatures measured at different sites in anaesthetised children. Two hundred children, 0 to 17 years, undergoing general anaesthesia for elective non-cardiac surgery, were prospectively recruited. Temperature measurements were taken in the operating theatre concurrently at the nasopharynx, tympanic membranes, temporal artery, axilla and skin (chest). Patient age and weight were documented. Temperatures varied according to site of measurement. The mean difference from nasopharyngeal temperature to temperatures at left and right tympanic, temporal, axillary and cutaneous sites were +0.24°C, +0.24°C, +0.35°C, -0.38°C and -1.70°C, respectively. Levels of agreement to nasopharyngeal temperature were similar at tympanic, temporal and axillary sites. Tympanic and temporal temperatures were superior to axillary temperatures for detection of mild hypothermia (<36°C). Skin temperature showed a large variation from nasopharyngeal measurements. Our findings indicate that measured temperatures vary between sites. Understanding these variations is important for interpreting temperature readings.
Hypothermia is a common complication of anaesthesia due to the effects of anaesthesia and exposure to the surgical environment 1 . Hypothermia is a preventable complication in most cases, and close monitoring of core temperature is key to prompt identification and appropriate management 2 . Body temperature can be measured at a number of different sites, each site having its own advantages.
Core body temperature is the parameter that clinical measurements seek to assess. Direct measurement of this is invasive and impractical in children undergoing routine surgery 3 . Sites of temperature measurement that are practical for perioperative use include nasopharyngeal, tympanic membrane, temporal, axillary and cutaneous 3, 4 . Nasopharyngeal, oropharyngeal and rectal sites may be considered the gold standards for minimally invasive temperature monitoring 5 . Peripheral sites offer the advantage of being more accessible; however, they may not be reliable when the core-periphery temperature gradient is altered, such as in circulatory shock 6, 7 . In our institution, tympanic membrane and axillary measurements are most commonly used preoperatively, nasopharyngeal or skin intraoperatively, and tympanic membrane and axillary postoperatively.
Previous studies have investigated variations in temperature monitoring according to site 4, [8] [9] [10] [11] [12] [13] [14] [15] . Few of these have looked specifically at children undergoing anaesthesia or compared a large number of thermometry methods.
Our department, like many others in Australia, reports patient temperatures measured in the post-anaesthetic care unit as part of the Australian Council on Healthcare Standards key clinical anaesthetic performance indicators 16 . We compare the percentage of patients with postoperative temperatures below 36°C with peer group hospital figures. Prior to 2011, the cut-off was set at 35°C. The method of temperature measurement within the comparison groups in the Australian Council on Healthcare Standards is not standardised and it is unclear whether a standardised approach to temperature measurement is required to make comparisons meaningful.
We, therefore, performed a prospective audit to investigate the agreement between methods of thermometry perioperatively and to identify whether these methods can be used interchangeably.
MATERIALS AND METHODS
Ethics approval (#498QP) was granted for this audit by the Princess Margaret Hospital for Children Ethics Committee and recognised (RA/4/1/6212) by the Human Research Ethics Office of the University of Western Australia. Requirement for written parental consent was waived, as the study was deemed to be a quality of care audit. All additional monitoring used was non-invasive and routinely used at some point within a patient's perioperative journey within our institution.
The study population was an opportunistic sample of 200 patients, aged 0 to 17 years, undergoing general anaesthesia for routine elective non-cardiac surgery at Princess Margaret Hospital. The temperature of each child was measured concurrently at the nasopharynx, each tympanic membrane, the temporal artery, the axilla and cutaneously via a skin probe on the chest wall. Patients were recruited only if all measurement sites could be accessed, thus excluding patients undergoing head or neck procedures. Measurements were taken while children were anaesthetised and in the operating theatre. Patient age, weight, comorbidities and room temperature were also documented.
Nasopharyngeal and skin temperatures were measured with IntelliVue MP800 (Koninklijke Philips Electronics NV, Amsterdam, Netherlands) monitors connected to Mon-a-therm™ 400TM general purpose temperature probes and skin temperature probes (Covidien, Dublin, Ireland), respectively. Tympanic temperatures were measured with a ThermoScan 6021 (B. Braun Melsungen AG, Melsungen, Germany) thermometer. A TemporalScanner TAT-5000 (Exergen Corporation, Watertown, MA, USA) thermometer was used for all temporal artery temperature measurements and was calibrated and operated according to the manufacturer's instructions. Temperatures recorded at the axilla were measured with basic digital thermometers (AMA Services, Perth, WA, Australia). All measurements were taken concurrently, allowing time (at least five minutes) for equilibration of the nasopharyngeal and skin sensors prior to taking measurements.
Datasets were analysed using Microsoft Office 2003 Excel (Microsoft Corporation, Redmond, WA, USA). Means and standard deviations were calculated for measurements made by each method. Mean differences (bias) and 95% agreement intervals were calculated between each pair of methods 17 . These mean differences and agreement intervals were plotted with SPSS (IBM Corp., Armonk, NY, USA). The 95% agreement intervals give the extents of variation between a pair of variables for 95% of the population. Bland-Altman plots were produced for visual interpretation of results 18 and were generated with R (R Foundation for Statistical Computing, Vienna, Austria).
Additionally, each method was assessed for suitability for diagnosis of both mild and moderate hypothermia. Nasopharyngeal temperatures were used as an authoritative baseline. Each method had percentages The mean differences between temperatures measured at the nasopharynx and the left and right tympanic membranes, the temporal artery, the axilla and cutaneously were 0.24°C, 0.24°C, 0.35°C, -0.38°C and -1.7°C, respectively. The 95% agreement intervals 18 between nasopharyngeal and these sites Percentages of correct, false positive and false negative diagnosis of hypothermia at 35°C and 36°C cut-offs are displayed in Table 2 . In our population, 19.5% and 1% of children had a nasopharyngeal temperature less than 36°C and 35°C, respectively. The table also presents diagnoses based on corrected temperatures, where the mean temperature difference has been used to remove bias from each measure.
DISCUSSION
Our findings indicate that the temperature recorded at any two different sites examined in this study may differ by over a degree. This is a significant variation, and clinicians must be aware of this when making decisions based on these readings.
The agreement intervals between nasopharyngeal temperature and tympanic, temporal and axillary temperatures were of similar width (Figure 1 ). This suggests that these three latter methods are clinically equivalent in their relationship to nasopharyngeal temperatures and may be used interchangeably. Bias from the nasopharyngeal site is significantly different at the axilla (than at the tympanic or temporal sites) and this must be accounted for.
In contrast, the agreement interval between the nasopharyngeal method and skin temperatures (-0.76 to +4.2) was notably greater than with other methods. Skin temperatures also had a remarkably larger standard deviation than all other measures (1.2 versus 0.49 to 0.61). This is not surprising, as skin temperature differs from the other measures considered in that the other methods each intentionally target specific temperature-related physiology. Peripheral circulation and vasoconstriction affect skin temperature 19 and thus these temperatures are not an effective method for assessing core temperature. Additionally, an abundance of environmental factors may affect skin temperature intraoperatively (e.g. cold room, active warming, etc).
Temporal and axillary methods had a greater bias from nasopharyngeal measurements than tympanic measurements (0.35 and 0.38 versus 0.24). This does not constitute a reason to avoid these methods as long as this temperature gradient is understood and expected. Peripheral sites are cooler than core temperature, thus the warmest of these sites are likely to be numerically closest to core temperature. Bias should not, however, be the most important factor when choosing a site for temperature measurement. All other factors being equal, however, a case may be reasonably made for selecting a measurement method with a smaller bias from core temperature. The agreement interval between left and right tympanic temperatures was larger than expected (-0.9 to 0.9) and similar to that found in a previous investigation of paediatric tympanic temperatures 20 . This may be a result of wax build-up and/or the difficulty of ensuring that temperature is measured at the tympanic membrane, rather than at some point in the ear canal 21 . This variance is worth highlighting given that it would be expected that left and right ear temperature measurements would be interchangeable and places the other agreement intervals into additional context.
The analysis of diagnosis of hypothermia without bias correction at 35°C and 36°C cut-offs is particularly revealing of the discrepancies between nasopharyngeal temperature and readings at the axilla or skin. While the results with a 35°C cut-off appear to suggest a high level of diagnostic agreement between the methods, very few patients had temperatures below this level (1% at the nasopharynx). Correction for bias between methods improved diagnosis by axillary and cutaneous methods, although skin temperature remained unsuitable due to excessive false positives. At the 36°C cut-off, correction for bias decreased false negatives in tympanic and temporal methods; however, incidence of false positive diagnosis increased.
The data suggest that skin temperatures should not be used for diagnosis of hypothermia in children (at either 35°C or 36°C cut-offs). Tympanic and temporal methods should be preferred. Axillary probes may be of use when access to the tympanic membranes or temporal artery is limited, e.g. dental or ear, nose and throat surgery.
Choice of thermometer and measurement site will be influenced by factors other than the quality of readings produced. For example, in the anaesthetic and operating theatre environment, taking tympanic or temporal measurements may be considered untimely or impractical due to restrictions on patient access. Methods that interface with existing anaesthetic monitors will be most convenient. Similarly, nasopharyngeal temperature is a less practical method for use outside of the operating theatre, especially given the risk of bleeding 22 .
Our data have significant strengths both in the number of methods of thermometry examined and number of subjects. Additionally, our dataset specifically addresses a perioperative population. The data are, however, limited in that only one set of measurements was taken, unlike some other studies that record a series of measurements for each device. Also, our data apply only to patients undergoing routine elective surgery; we did not include patients undergoing cardiac surgery, unduly long procedures or those requiring extensive resuscitation. Measurement of temperature at the pulmonary artery is invasive and generally only considered appropriate in children undergoing cardiac surgery 5, 22 . Nasopharyngeal temperature is better correlated with pulmonary artery temperature than the other methods examined in this study 5, 9 . It was therefore used as a reference baseline for the comparison of other techniques.
In conclusion, temperatures taken at tympanic, temporal and axillary sites appear to be of similar clinical usefulness in their relationship to core temperature. However, understanding the differences in temperature between other measurement sites is essential for full interpretation of temperature readings. This is particularly so when more than one method of temperature measurement is used, e.g. the perioperative environment. Clinicians may find it helpful to correct measurements from other sites to match nasopharyngeal measurements (roughly: subtract 0.3°C for tympanic, subtract 0.4°C for temporal and add 0.4°C for axillary-for children under general anaesthesia when using the thermometers previously specified). Furthermore, when taking readings from multiple sites, it is important to acknowledge the level of agreement expected between values to ensure that the appropriate action is taken within the clinical context of the patient. Accurate recording of measurement, as well as good communication between clinical practitioners is vital. Additionally, due consideration should be given to these matters when setting regulatory targets that reference temperature.
